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Abstract 
The acetylation of commercial cotton samples with acetic anhydride without solvents in 
the presence of about 5% 4-dimethylaminopyridine (DMAP) catalyst was followed 
using FTIR and 13C MAS NMR spectroscopy. This preliminary investigation was 
conducted in an effort to develop hydrophobic, biodegradable, cellulosic materials for 
subsequent application in oil spill cleanup. The FTIR results provide clear evidence for 
successful acetylation though the NMR results indicate that the level of acetylation is 
low. Nevertheless, the overall results indicate that cotton fibres are potential candidates 
suitable for further development via acetylation into hydrophobic sorbent materials for 
subsequent oil spill cleanup application. The results also indicate that de-acetylation, 
the reverse of the equilibrium acetylation reaction, occurred when the acetylation 
reaction was prolonged beyond 3 hours. 
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1. Introduction  
There is now a growing worldwide environmental concern about the several accidental 
and deliberate releases of large quantities of oil during transportation and storage that 
now calls for an urgent need to develop a wide range of materials for cleaning up oil 
from oil impacted areas.  Among many sorbents that have been employed for oil spill 
remediation, synthetic materials such as polypropylene and polyurethane are presently 
the most commonly used commercial sorbents due to their oleophilic and hydrophobic 
properties [1]. However, the non-biodegradability of these materials is a major 
disadvantage since landfill disposal is environmentally undesirable and incineration is 
very expensive. Thus, there is now a renewed interest for natural sorbents and a wide 
variety of natural organic vegetable products such as rice straw, corn corb, peat moss, 
wood, cotton, milkweed floss, kapok, kenaf and wool fibres have actually been 
employed as sorbents in oil spill cleanup [1-5] Their relatively high sorption capacity 
and biodegradability and the fact that they are more economical make these natural 
sorbents particularly attractive as possible alternatives to synthetic fibres.  
Recently, Sun et al. [6] demonstrated that acetylation of free hydroxyl groups in rice 
straw with acetic anhydride without solvents provided a suitable and effective method 
for the preparation of rice straw acetates that have a more hydrophobic characteristic 
and high oil sorption capacity. The acetylation was performed at different reaction 
times and temperatures in the presence or absence of catalysts. Among the catalysts 
used, 4-dimethylaminopyridine (DMAP) was found to be the most effective. Fourier 
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transform infrared (FTIR) and solid state carbon-13 nuclear magnetic resonance (13C 
NMR) spectroscopy were used to investigate the acetylation reaction. Since natural 
vegetable products like acetylated rice straws have the added advantage of low cost, the 
acetylation of other similar biodegradable lignocellulosic materials such as cotton, 
sugar cane, paper, wood etc. may prove very economical, technically feasible and 
environmentally acceptable for applications in oil spill cleanup operations. In this 
paper, we therefore report the results of our preliminary investigation of the use of 
FTIR and 13C NMR to study the acetylation of cotton. 
2. Experimental 
2.1 Materials and Reagents 
The cotton used in this work was of the cellulose fibre/cotton blend purchased from 
Smith and Nephew Pty. Ltd., Clayton, Australia. Acetic anhydride and DMAP were 
purchased from BDH Laboratory Supplies and Aldrich Chemicals, respectively and 
were used without further purification. 
2.2 Acetylation of Cotton 
A mixture of about 3 g of cotton and an acetic anhydride/DMAP catalyst blend was 
heated at 140 °C under reflux in a 250 ml round-bottom flask at atmospheric pressure. 
The reaction was conducted for 3, 5, 8 and 10 hours. The amount of catalyst used was 5 
% of the amount of cotton by weight while the volume of acetic anhydride was 50 
mL/g cotton (i.e. the solid-to-liquid ratio was 1g/50 mL). The solid DMAP catalyst 
dissolved very readily in acetic anhydride at the concentration studied. At the end of 
each acetylation reaction, the hot reagent was decanted off and the acetylated cotton 
product was thoroughly washed with ethanol and acetone to remove the unreacted 
acetic anhydride and the acetic acid product. The acetylated products were then dried in 
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an oven at about 60-80 °C overnight and subsequently stored in a desiccator at room 
temperature. 
 
2.3 FTIR and Solid State NMR Characterisation 
The FTIR spectra were recorded on Nicolet Nexus 870 FTIR spectrophotometer 
equipped with a deuterated triglycine sulfate (DTGS) detector and a Diamond 
Attenuated Total Reflectance (ATR) Smart Accessory. 64 scans were collected for each 
measurement over the spectral range of 4000 - 525 cm-1 with a resolution of 4 cm-1. All 
the FTIR spectra were recorded with a Omnic E.S.P. software on a PC computer 
connected to the spectrophotometer and then saved for further manipulation and 
processing using GRAMS/32 (Galactic Industries Corporation, Salam, NH, USA), 
Microsoft EXCEL 2000 spreadsheet and PeakFit™ software packages. 13C solid state 
NMR spectra of the cotton samples were recorded at the University of Queensland, 
Brisbane, Australia on a Bruker MSL-300 NMR spectrometer operating at a magnetic 
field strength of 7.2 Tesla. 
3. Results and Discussion 
3.1 FTIR Spectra 
The FTIR spectra of both untreated and acetylated cotton samples in the range 4000 to 
525 cm-1 are shown in Figures 1 to 4 and all the major infrared absorption bands 
observed in the spectra are listed in Table 1. The peaks observed at 3337, 2891, 1645, 
1420, 1337, 1312, 1157, 1017, 894 and 666 cm-1 are associated with the untreated 
cotton while those observed at 1742, 1368 and 1234 cm-1 in the spectra of the 
acetylated samples provide some evidence of acetylation [6-8].  
3.1.1 The hydroxyl region 
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The hydroxyl stretching vibration region of the infrared spectra of untreated and 
acetylated cotton samples are shown in Figure 1. The strong band at 3337 cm-1 is 
attributed to OH stretching vibrations. As illustrated in Figure 1, the peak intensities at 
this OH stretching band at 3337 cm-1 in the acetylated samples were observed to be 
lower in the acetylated cotton spectra than in the untreated sample spectra indicating 
some partial acetylation [6]. However, it was observed for 5 to 10 hours reaction times 
that there was a slight gradual increase in the intensity of the OH stretching band 
indicating a gradual lowering of the extent of acetylation as the reaction time is 
increased beyond 3 hours. This is in contrast to the results obtained by Sun et al. [6] in 
their investigation of the acetylation of rice straw samples. Acetylation of cellulose is 
an equilibrium reaction just like any other esterification reaction such that de-
acetylation can take place under appropriate reaction conditions [9]. It is therefore 
possible for de-acetylation to occur in the presence of the acetic acid by-product for the 
longer time reactions thereby leading to re-formation of the free hydroxyl groups of the 
cotton. Thus, Sun et al. could not observe such a de-acetylation reaction probably 
because they did not go beyond 4 hours reaction time in their acetylation of rice straw 
samples.   
3.1.2 The region 1900 - 1100 cm-1  
In Figures 2 and 3, evidence of acetylation is again clearly provided by the presence of 
and/or enhancement of three important ester bonds at 1742 cm-1 (carbonyl C=O 
stretching of ester), 1368 cm-1 [C-H bond in -O(C=O)-CH3 group] and 1234 cm-1 (C-O 
stretching of acetyl group) in the spectra of the acetylated cotton samples. The lowering 
of the intensities of the OH in-plane bending bands at 1337, 1312 and 1203 cm-1 [10, 
11] in the spectra of the acetylated cotton shown in Figure 3 also provides further 
evidence for the acetylation reaction. The strong band at 1645 cm-1 in Figure 2 is 
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assigned to H-O-H bending of adsorbed water. In Figure 3, the band at 1420 cm-1 may 
be due to OH and/or CH2 bending [7, 11, 12] and the sharp peak at 1157 cm-1 has been 
attributed to C-O-C anti-symmetric bridge stretching in cellulose and hemicellulose [7].  
It should be noted that Figure 2 also shows that there is no absorption in the region 
1840-1760 cm-1 in the spectra of the acetylated cotton indicating that the acetylated 
products are free of the unreacted acetic anhydride [6]. The absence of a peak at 1700 
cm-1 for a carboxylic group in spectra 3 and 4 for the 5 and 8 h reactions, respectively 
indicates that these products are also free of the acetic acid by-product [6]. However, 
appearance of this peak as a small shoulder band in spectra 2 and 5 shows the presence 
of very small amount of the acetic acid by-product. FTIR is therefore quite sensitive 
enough to detect contamination with at least the by-product of the reaction. Hence, it is 
necessary to always ensure that the acetylated product is thoroughly washed with 
ethanol and acetone to avoid such contamination. 
As shown in Figures 2 and 3, further evidence of de-acetylation reaction at relatively 
long reaction times is again provided by the slight gradual decrease in the intensity of 
the three ester peaks at 1742, 1368 and 1234 cm-1 as the reaction time was increased 
beyond 3 hours.  
3.1.3 The region 1000 - 600 cm-1  
The small sharp band at 894 cm-1 in the spectra shown in Figure 4 is attributed to β-
glucosidic linkages between the sugar units in hemicelluloses and celluloses [13] while 
the band at 666 cm-1 can be linked to OH out-of-plane bending [7, 10, 11] and/or 
atmospheric CO2 (deformation vibration) contamination [14]. The small broad band at 
708 cm-1 may also be due to OH out-of-plane bending [10, 11]. 
3.2 Solid State MAS 13C NMR Spectra 
 7
The MAS 13C NMR spectra of both untreated cotton (spectrum 1) and the sample 
acetylated for 3 hours in the presence of 5 % DMAP catalyst (spectrum 2) are shown in 
Figure 5. Spectrum 2 provided some evidence of acetylation since it revealed the 
presence of a small methyl band of the acetyl group at 21.1 ppm. However, the 
intensity of this band was too small that the carboxylic group band expected at about 
171 ppm [6] could not be properly detected. The peaks around 21.1 ppm in spectrum 1 
are simply spinning side bands from the main peaks. The 13C NMR analysis therefore 
shows that the level of acetylation of the cotton samples was rather low.  The reason for 
this is not immediately clear but since the cotton samples used were commercial 
samples that were purchased from the market, it is possible that they might have been 
subjected to some chemical treatment that is capable of hindering the acetylation 
reaction. Plans are therefore underway to investigate the acetylation of raw cotton fibers 
instead of these commercial samples. 
Figure 5 also shows that both spectra were very similar in the carbohydrate region (60-
110 ppm).  The resonance assignments [6, 15]of the peaks obtained in this region are 
shown in Table 2. It should be noted too that the lignin pattern in the 13C NMR 
spectrum of the acetylated cotton is much weaker than in the spectrum of the untreated 
sample. This observation is in contrast to the unusual strengthening of the same pattern 
reported by Sun et al. [6] in the spectrum of acetylated rice straw compared with the 
spectrum of the unmodified straw. These workers could not provide an immediate 
explanation for this observation. However, an observation similar to that of Sun and co-
workers was previously reported by Boonstra et al. [16] in their investigation of the 
chemical modification of Norway spruce and Scotch pine. In this study, these workers 
stated that increased spacing due to the bulking action of the chemical and the slight 
carbohydrate cleavage by the treatment could create a more open structure of the 
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network thus leading to a more noticeable NMR signals pattern of lignin in comparison 
with the spectrum of the unmodified wood. The fact that this was not observed in this 
work with acetylated cotton may be due to the low level of acetylation obtained. 
4. Conclusion 
In conclusion, FTIR data indicated clearly that the commercial cotton samples used in 
this work were successfully acetylated with acetic anhydride without solvents in the 
presence of 5 % DMAP catalyst. However, NMR results indicated that the level of 
acetylation was quite low. This low level of acetylation might be due to some unknown 
chemical treatment obstructing acetylation reaction that the commercial cotton used 
might have been subjected to prior to entering the market. Nevertheless, it is, at least, 
very clear that it is possible to acetylate cotton particularly if efforts are made to 
enhance the acetylation reaction of the cotton (or raw cotton fibres are used and 
developed instead of the commercial cotton sample) in order to produce a 
biodegradable cellulosic material that is more hydrophobic for subsequent application 
in oil spill cleanup. It was also observed that de-acetylation, the reverse of the 
equilibrium acetylation reaction, occurred when the reaction time was increased beyond 
3 hours.  
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Figure Captions 
Figure 1. FTIR spectra in the OH region of untreated cotton (spectrum 1) and 
acetylated samples prepared in the presence of DMAP catalyst at 140 °C for 3 h 
(spectrum 2), 5 h (spectrum 3), 8 h (spectrum 4) and 10 h (spectrum 5). 
Figure 2. FTIR spectra in the region  1900 - 1500 cm-1 of untreated cotton (spectrum 1) 
and acetylated samples prepared in the presence of 5 % DMAP catalyst at 140 °C for 3 
h (spectrum 2), 5 h (spectrum 3), 8 h (spectrum 4) and 10 h (spectrum 5). 
Figure 3. FTIR spectra in the region1500 - 1100 cm-1 of untreated cotton (spectrum 1) 
and acetylated samples prepared in the presence of 5 % DMAP catalyst at 140 °C for 5 
h (spectrum 2) and 10 h (spectrum 3). 
Figure 4. FTIR spectra in the region 1000 - 600 cm-1 of untreated cotton (spectrum 1) 
and acetylated samples prepared in the presence of 5 % DMAP catalyst at 140 °C for 5 
h (spectrum 2) and 10 h (spectrum 3). 
Figure 5. 13C MAS NMR  spectra of untreated cotton (spectrum 1) and acetylated 
sample prepared in the presence of 5 % DMAP catalyst at 140 °C for 3 h (spectrum 2). 
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Table 1.  Assignments of Infrared absorption bands for cotton wool 
 
Frequency (cm-1) Assignment 
3337 OH stretching 
2891 CH stretching of CH2 and CH3 groups 
1742 Carbonyl C=O stretching of ester 
1645 H-O-H bending of adsorbed water 
1420 OH and CH2 bending 
1368 C-H bond in -O(C=O)-CH3 group 
1337 CH3 bending or OH in-plane bending 
1312 O-H deformation and/or CH2 wagging 
1234 C-O stretching of acetyl group 
1203 OH in-plane bending 
1157 C-O-C anti-symmetric bridge stretching in cellulose and 
hemicellulose 
1017 C-O stretching in cellulose, hemicellulose and lignin 
894 β-Glucosidic linkages between the sugar units in 
hemicelluloses and celluloses 
708 OH out-of-plane bending 
666 OH out-of-plane bending and/or atmospheric CO2 
(deformation vibration) contamination 
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Table 2. Assignments for 13NMR signal shifts of cotton [6, 15] 
 
Chemical shift 
(ppm) 
Assignment 
171 Carboxylic group (too small to be detected)  
105.3 C-1 of cellulose 
97.9 C-1 of xylan 
89.5 C-4 of crystal cellulose  
83.2 C-4 of amorphous cellulose 
74.7 C-2, C-3 and C-5 of 4-linked polysaccharides 
62.1 C-6 of crystal-surface cellulose and C-5 of xylan 
21.1 Methyl band of acetyl group 
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Figure 1. Adebajo & Frost 
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Figure 2. Adebajo & Frost 
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Figure 3. Adebajo & Frost 
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Figure 4. Adebajo and Frost 
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Figure 5. Adebajo & Frost 
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